INTRODUCTION
VARIATION, within and between populations of many different species of animal and plant, has been quoted as being the result of genetic drift, on the lines suggested by Sewall Wright (e.g. '940) . One species which has been repeatedly referred to is the polymorphic land snail Cep&a nemoralis (L.). However, Cain and Sheppard (igo) have shown that different colour and banding patterns have definite selective values, dependent upon the environment. Moreover, they showed that polymorphism in this species is normal and stable. They also showed that the ratio of the different genotypes within a breeding community is determined by the interplay of two kinds of selective advantage : one physiological and the other due to differential elimination by predators.
It is essential that these two components of selection should be separated if a more detailed knowledge of the relative importance of natural selection and genetic drift is to be obtained. The purpose of this paper is to give a preliminary report on the role played by the song thrush Turdus ericetorurn Turton as an agent of natural selection.
METHODS (I) Collecting
Every few days all the broken snail shells from thrush's "anvil" stones were collected from two localities in Wytham Woods: one in Marley Wood and the other, a mile and a quarter away, in Ten Acre Copse.
(ii) Controls As a control 1358 snails, collected from other populations, were marked with quick-drying cellulose paint and scattered at random in the vicinity of the thrush "anvils" in Ten Acre Copse. The snails were marked by removing an area of the periostracum, from the body-whorl, in the vicinity of the umbilicus and replacing it with a thin layer of paint. It was found that if the periostracum was not scraped off some of the marks were lost. However, of 40 individuals marked in the correct way on i 3th April none had lost their marks by 23rd June. The part of the snail which is marked cannot be seen by predators, because it is on the ventral surface and is therefore concealed by the shell above and the surface on which the snail is resting below. (Plate I.) Different colours were used in different sections of the locality in order that the area from which the thrushes were collecting should be known. The ratio of yellow to pink and brown shells in the marked population was 747 6i i. A sample of living marked snails was taken from Ten Acre Copse on 20th May, and two samples of living unmarked snails were taken from Marley Wood on i 4th April and 26th May; each snail was examined, marked with a small pencil mark and returned to the colony. To ensure that these samples were random ones, equal sub-divisions of the areas were searched for equal periods of time and all the snails that could be seen were collected, recorded and released. This method of sampling the population prevented the breeding-communities being disturbed by the removal and subsequent redistribution of snails, and at the same time it ensured that no snail was recorded twice.
(iii) Recording
The colour and banding patterns of the broken shells were recorded, using the system described by Cain and Sheppard (i 950) . Because many of the shells found on thrush" anvils " are broken into small pieces, it was decided, from the beginning, to use only those which had sufficient of the lip of the shell present to make it certain that each was derived from a different snail. All the shells from the Marley Wood "anvils" were recorded in this way except that, when the full band-formula could not be determined, the unknown bands were indicated by question marks. For example if all the bands on a yellow shell had been broken away, it was recorded as yellow ?????. If only bands one and two were lost it was recorded as yellow ??345.
In the Ten Acre Copse locality shells were also recorded as marked, or unmarked; or, if the area which is painted was broken off, they were recorded as "marked area destroyed."
RESULTS
The results of collecting are given in tables i, 2 and 3. If the percentage of yellow shells in the different samples is plotted against Fin. 2,-The graph shows the percentage of yellow snails, from the wild and the marked population, which were killed by thrushes on the Ten Acre Copse "Anvils." The samples are grouped in the way indicated in tables 2 and 3, when the individual samples are small. A logit analysis of the Marley Wood and Ten Acre Copse data was carried out and the last cycle of the calculations for Marley Wood is tabulated below. However, in Ten Acre Copse there was a marked and a wild population, with different ratios of phenotypes, living in the same area. Therefore the two sets of data were analysed together, it being assumed that the two regression lines were parallel.
It was possible, during the calculations, to show that there was no evidence that this was not true (P>o5). Because of the method of calculation it was also possible to consider the marked population separately. This is important because only in the marked population was the area from which the thrushes were collecting snails accurately known. It will be seen that the Marley Wood data gives a significant regression with P<oo2. The shells collected from Ten Acre Copse also show a regression with P<ooi, and the x2 for parallelism gives no evidence that the two regression lines for Marley Wood and Ten Acre Copse are not parallel, P>o 2. The data for the marked population, when examined separately, also shows evidence of a regression P<o •o5.
It has been pointed out by Diver (1940) and Cain and Sheppard (1950) that the distribution of colour and banding patterns within a colony of C. nemoralis may vary slightly from area to area. It is therefore possible that the observed regressions are the result of thrushes changing their feeding grounds as the season progresses and the ecological situation changes. However, it must be assumed that the new areas, from which the thrushes are feeding later in the season, SELECTION IN THE LAND SNAIL 131 both have lower proportions of yellow snails than those previously hunted and also that the thrushes are carrying snails quite appreciable distances. This is unlikely because "anvils" 30 yards outside the area in which marked snails were released, have never had any of these marked individuals broken on them. Moreover, snails bearing a distinctive mark were released in the vicinity of these stones and although they were found on them on subsequent days they were never found on those used in the main experiment. It seems that thrushes in Ten Acre Copse were never carrying snails more than 20 yards and usually less.
There is additional evidence that the thrushes were not changing the area over which they were collecting snails, for not only is the regression calculated from samples of marked individuals, which clearly can only belong to one population, a significant regression, although scarcely so, but also if the ratio of marked to unmarked shells is examined (table 5) there is no evidence of the regression which would be expected if the thrushes were altering their feeding area.
There is not even any evidence that the ratio varies from day to day. Thus the hypothesis that the regression is the result of a change in the feeding habits of the thrushes can be rejected.
If the thrushes are not altering their collecting grounds, then either the proportion of the two-colour classes in the colony or the proportion of them killed by thrushes is changing. There is no evidence, from samples of living snails, taken from Ten Acre Copse and Marley Wood, that the percentage of the yellow phenotype is decreasing in either population (table 4). In fact both show a slight increase although this is not statistically significant. Cain and Sheppard (1950) demonstrated that the selective value of yellow increases with an increase in the greenness of the background at 132 ground level. In the two areas under consideration, the greenness of the background increased markedly between the middle of April and the middle of May. It is not unreasonable to suppose that the observed regressions are caused by real changes in the selective advantage of the yellow phenotype, as a result of alterations in the background colour. Moreover, the percentage of yellow snails in the marked population is known and the proportion in the Marley Wood colony can be estimated from samples of living snails (table 4) . Thus, it is possible to say not only that the selective advantage of yellow was changing but also that it was at a disadvantage during most of April, becoming neutral in value some time in late April or early May, and that by the middle of May it was actually at an advantage.
The actual selective value of yellow cannot be estimated until more information is available about the size of the population from which the thrushes are collecting, the final amount of differential elimination during the whole life of the snail, including the immature stages which are probably eaten whole, and the physiological selection.
However, it is certain that the selective value will alter markedly from season to season, year to year and locality to locality, as the result of slight changes in the background colour in different seasons and years as well as differences in the intensity of predation and other changes in the ecology of the colony. These are quite sufficient to account for all the observed differences between breeding communities.
The selective value of yellow may be exceedingly small in the two localities which have been discussed, for it must be remembered that the differential elimination of snails which have been killed has been studied and not changes in the gene frequency resulting from this elimination, although this can be obtained from the marked population, over the period of the observations. Alterations in the selective value of certain genes and gene combinations have been demonstrated on several occasions. Ford (i) suggested that the spread of the " melanic" form of some Lepidoptera, in industrial neighbourhoods, is the result of a change in the selective value of a genotype, which has previously been kept at a low density by selection, and later demonstrated the type of differential viability which had been envisaged (1940) . showed that the black forms of Adalia bipunctata L. are at a disadvantage during the winter and at an advantage during the summer. Polymorphism in that species is probably caused by the heterozygotes being at an advantage compared with the homozygotes, but with the relative selective advantages of the different genotypes varying from season to season and year to year. More recently Fisher and Ford (19ç, 7) have shown that a certain gene in a population of the moth Panaxia dominula (L) is subject to selection, and that it was at a considerable advantage between 1929 and 1939 and that since then it has usually been at a disadvantage. Dobzhansky If the magnitude of the changes in selection are as great in genes having small selective values as those already discussed, then such changes will be of considerable evolutionary importance, particularly in populations which are restricted to a small area. In breedingcommunities occupying large areas, changes in the environment which alter the selective advantage of certain genes in one place will tend to be counter balanced by opposite changes in other areas. However, in populations living in a restricted area changes in the environment may well cause certain genes to be lost and others to become fixed in the colony. In fact changes in the environment altering selection pressures can result in changes identical with those ascribed to drift, and these will be of sufficient magnitude to be able to override any drift effect, except in the smallest populations. Moreover, such changes in the environment may well be of considerable importance for unlike drift, their effect is not confined to numerically small populations which will not be as variable as larger ones, but only to breeding-communities inhabiting a restricted area.
Changes in selective values have been demonstrated in a high proportion of recent investigations into natural selection. Moreover, environments are not constant, so that the relative selective values of any pair of allelomorphs, which regulate the relationship between the organism and its environment, will fluctuate. In view of these facts, it is possible that such fluctuations are the normal situation in wild populations, and constant selective values over long periods may be rare.
SUMMARY
i. All the broken shells from thrush's "anvils" in two localities, Marley Wood and Ten Acre Copse, were collected every few days.
2. 1358 snails, which had been marked with a permanent mark, on a part of the shell which could not be seen by predators, were released in the Ten Acre Copse area.
3. Random samples of living snails were collected from the two areas on several occasions.
4. The colour and banding patterns of the broken shells were recorded, using a modification of the method described by Cain and Sheppard (1950) . 5. It was observed that the percentage of yellow snails killed by thrushes decreased from the middle of April to the middle of May and that the background colour in the two areas became greener during this period.
6. It was shown that not only was there a real decrease in the percentage of yellow snails killed as the season progressed, but also that there was no evidence that the rate of change was different in the two localities.
7. There was evidence that this result was not due to thrushes Plate I a. Two living snails, one banded the other not banded, showing the position of the cellulose paint mark. b. A living marked snail, in the position in which it was found in Ten Acre Copse, three weeks after it had been released. Note that the paint mark is not visible in the living snail until it is turned over.
c. One of the "anvils" in Ten Acre Copse.
changing their feeding grounds or to the percentage of yellow snails in both Marley Wood and the marked population decreasing between the middle of April and the middle of May.
8. The most probable hypothesis to explain the significant regressions is that the selective value of the yellow phenotype varied with changes in the background colour. Yellow was at a disadvantage in the middle of April, when the background at ground level was relatively brown ; it became neutral in value at some time in late April or early May arid by the middle of May it was at an advantage. 9. Changes in the selective value of certain genotypes have been demonstrated on several occasions. It is suggested that if these are of common occurrence, they will cause fluctuations in the ratio of different genotypes in wild populations. These fluctuations will be most marked in populations inhabiting a restricted area. Moreover, they will have the same evolutionary consequences as genetic drift but, unlike drift, they will be controlled by selection, and will not be confined to numerically small populations.
io. Selective values may normally fluctuate in wild populations,
and constant values over long periods may well be exceptional.
